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A non-volatile electrically erasable programmable read only 
memory (EEPROM) capable of storing two bit of Information 
having a nonconducting charge trapping dielectric, such as 
Bilicon nitride, sandwiched between two silicon dioxide layers 
acting as electrical insulators is disclosed. The invention 
includes a method of programming, reading and erasing the 
two bit EEPROM device. The noncoducting dielectric layer 
functions as an electrical charge trapping medium. A 
conducting gate layer is placed over the upper silicon dioxide 
layer. A left and a right bit are stored in physically different 
areas of the charge trapping layer, near left and right regions 
of the memory cell, respectively. Each bit of the memory 
device is programmed in the conventional manner, using hot 
electron programming, by applying programming voltages to 
the gate and to either the left or the right region while the 
other region is grounded. Hot electrons are accelerated 
sufficiently to be injected into the region of the trapping 
dielectric layer near where the. programming voltages were 
applied to. The device, however, is read in the opposite 
direction from which it was written, meaning voltages are 
applied to the gate and to either the right or the left region 
while the other region is grounded. Two bits are able to be 
programmed and read due to a combination of relatively low 
gate voltages with reading in the reverse direction. This 
greatly reduces the potential across the trapped charge 
region. This permit much shorter programming times by 
amplifying the effect of the charge trapped in the localized 
trapping region associated with each of the bits. In addition, 
both bits of the memory cell can be individually erased by 
applying suitable erase voltages to the gate and either left or 
right regions so as to cause electrons to be removed from 
the corresponding charge trapping region of the nitride layer. 
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« 
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(25) 

^2 jgu^2@f^m#4-#4L, mi^im^M^tmtim2m^m^i:AK mr 
j^:i±tci5v^T, ssa^ m5eSiiif**ef3cm#gWT<ot #^^|±BJfe^^T•>^^^- 
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(26) 

[0 0 0 u 

^ . :faiF-^-7-rJi' ■ 'J- K • • ;<^^'J (EEPROM : S 

[0 0 0 21 

tf^irfbJf, U- K • • (ROM) , -fuVy-7-r)V ■ 'J - K • 

^^■j- . >*>j (PROM) , 'f u— 'fy^i' ■ 7'n^^7-7-r;w • K • :t> 

,j_ . ^^.j (EPROM) , h'J^V- • ^ U--r7';u • 7*0^^7^^^ 

. ,j _ p . ^ > .J _ . > >; (EEPROM), -tttlC, 777ViEEPR 
OMi:i:*3»**-2)o 
[0 0 0 31 

• t-Vn'/x (l:^6t)^c:^^^^7A■5Ttg3i7'.'^*'f X) T-li'iv^i: i tTi^'S^t 
^roTV^^o ROMcO*ii.;^»±, -5-(^R 0Mt;iS1i^-l^:-&T'- ^' *mii^/i#SIJ 
(O^Ts^i^mLX^ SSitIStfw-©PgtwiJV»-c=fT*5fv4o tife-o-C, ROMU 

•f-i'fatg^et tTR0M«r1£ffl1-*:ii:<^?iJ,^.»±, r^^^ 7.<r>^7sY-h'' 
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(27) 

[0 0 0 41 

•y < E P R0M<7)J: ^ • r'vN''f ;^«0S^jSl^»± 

R o Mtossitco^s^ t it-^r J: •) #• < <oiaf^xe:Rt^i*i^xs**'je:-s i: § ix4 o 

EPROM<Oft^(i, m.%m-H^kz$.^xmih:^i)^f!x.i,^b. ip*,Ji^i' h 

h\z\m¥i-it (UV?fe) ?:.H?.WL«:lttl.tf^r^.^:Vv EPROMtltS, 
\zmmz\iWitim^X-^i,tn\Z. UV5fe«rS®$-fr4^.*«?K«$iXTii»), 

EPR0M<7);^i^M^(±, m^fiD:^ffit-±^M**'t'i'5:v^i tlC^^o 
10 0 0 5] 

ijiS^*:7'/N-'f >^<0-7.*,OEEPR0M'j)f ;t, R OM t it'^T J: •) # < (r)|af^ 
XS^tcrgjtSJieS-'jej^gtt-S.^*, fc/iLEEPROMlCli, »ii<^^SmW*S: 
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(2>: 

j2i«^>-^=fTT daii, J-m^OE P ROMT-li^'BTtl 

fi-3/c^K/cjpJ,ii-C*)*o 77y->^EEPR0Mli. > * 'J • -b;K7)# 

ii*^ a t>'?i* T-^T x.-Stv^d^-CEEFROMtraiSr-****, 

^<Dtzi^7^ y :x (— ^) E E P R OM t Of Jf itT ^^y-V^E 
EPR0M<7)SfliT»±, Sif^^jS3»^?Sv^c:i:, ■e^tt::;^:^ h -c*-i. ^ t icfe^o 
[0 0 0 6] 

#«-(^^^>; t LrEEPROM**ii;<^effl$<t-&J:T»ci:-&nonr, 

[0 0 0 7] 

*B#it^4 1 7 3766-^ (Hayes) ^^-S-fttJ-^-fbt;-* 
(MNOS) »jt;J^*«5:S^$ttTv»-5o COMNOSffiiSli, "SOlfe^r- 

i E E P R 0MS:S?f^i--5 ^ t *«B!iirC: t tc*-6„ gEftlH-gfbll-KftlglO 
[0 0 0 8] 



«Sa2001 -51 2290 (P2001 -512290A) 



(29) 

Ha ye s ^WrizmTp^tlX^^^i, ji ^ >) • -t^UT'ti, gfbM<7)*M6<J=a: 
U?1± 3 5 0 At:-^^ t Snrv^-So Ha y e s ^fjPOr-V'f'f ;^75^'i<Oi o 

*OiStcSil:&|6]tcenJp1--J>«JE^r, ^f#JCi^v^Bffiic1--5i t7i^''i:-Mt5:oT 
[0 0 0 9] 

Ma ye s#lt<0^^'; • -b;P(ci3V^T, •f-WMfkMtcMM^tiTv^-Sm^?: 

pgv->(4-€-<75S'ftl^'\iE7L5raA-t-&7)»C0v->-rix^^^rfT*3felf^f>^v>o Ha y e 



=» 
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(30) 

[0 0 10] 

[0 0 1 1] 

MlC. Ha y e s #?i=<7) ^ 'J • t'^'nM 5r 7 7 7 vo- • > ^ U • TU-fOT 

II^LTv^^^^'j • ■t;nc«^$tLfctr-> hi^ic::»c§^mffil^T (EP*. I R) 
[0 0 1 2 J 

m&^ymi:W}i'ft:mmti>fztbcr>ry<^ :^'i:m.nizm^LrmmL^j:i^fi 

[0 0 13] 
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(31) 



*B#tt=^5 1 6 8 3 3 4^ (M i t c h e 1 lfl&) l-l±. Hl«0h7>v^ 
9 - '#^LA (v>i^;w- h7>v^5'ff^<^) EEPROM<0^*'J • -tJU74*» 
,T5j>Tv^-J.o COMi t Che I l#^HiiC.T^$tt-Cv.&EEPROM<0^^ 
.^■■tJHi. mftm-Sfkm-e^^tl^ (ONO) SS«:«fflUTiJ»^^^^^l' 

[0 0 14] 

^OMi t c h e I l#it<^^*'J • rV-c-f^Ji, H^«iS«^fi±S l-S^fkM 
?:lix.TV^^^>(7)<?), 7 7^ v^EEPROMt L-Cfflv^-SOl^^t^iiL/^^* 

!t *) !£ < 'i t . «ii<^^ t Stta L t (7)FflT-<75 L # v^'[SmE<^^:S- A 

<-r^i t^^'-C^'iv^i tir*^o Mi t c h e I 1 ^l^^cOrVN'-T ;?.-C(±, »^ 

i^ia;^:!), ^(;5^t75*, Z<r>Mi t c he I 1#S1=W^*'J • f'^'«'f^*> ^ 
•> y V* E E P R OM t LT^Dffl^Uffl V^S - t <^-e # V^g^Sb^^c <{> OIC LT 

Co 0 1 5] 

vVJ^JU • h7>v>!.^'Jf^<O0NO-EEPR0MT'>'<'f:^«:Ba^Lf>:^^5: 
^i:LTt±r"A True Single-Transistor Oxid 
?-N i t r i d e-Ox i d e EEPROM Device." T.Y. 
'chan, K. K. Young and Chenming Hu. I 
EEE Electron Device Letters. March 1 
9 8 7J 7^**o iS|Xi)tir§8^$ixTv^^>^'J • -t;K±. t^y h • ^° 
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(32) 

^<DWLim-^im-mm (ono) =s«iii^^«^*T-^o rnxma. 
1 ^tmmz. m&^tm& Lt<r>mx-<r> l i ^^mw.&<r>m»£^ i 

[0 0 16] 

rfflv»e>nTV^-5>li7b-, 777 ■>iEEPROM<0J:d^:>*'J • r'/<^' I- 
^fi*)t;fflv^'bttTV>-&o ^c/iL, 3<75T;l/-?^U'<;vUa:V^fi|ft(±, EPROM 

^itzL^ v^-BStJ^ ISSi-'< § t>cS L ;t L § v^-ftl^^ffiH t @ x. r L * o 

lC^o;4-v^T-*>^±l-Sffl'{)*^$tf;6^t>-r-**o Etc. U VrB^fttS^riSi-^wii:) 

[8 0 17] 
10 0 181 
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(33) 

[0 0 191 

10 0 2 0] 
10 0 2 11 
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(34) 

-J ^T-^,*^i:^«■^-Liv^^lm^;4^ h«Ei •)S5<*») 

[0 0 2 21 



Leff 



[0 0 2 31 
[0 0 2 41 
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(35) 

[0 0 2 5] 
[0 0 2 6] 

7|^S!^^m5 0 2 1 9 9 9-^ (Kohdaffe) Ul±. IfaHIS^-fJ • -t^^** 
[0 0 2 7] 

^m^Vf^^ 2 1 4 3 0 3# (AO k i) tCJi, 2l^y h • h7>v;^^*^*Jc 
^Sn-Cfcl), ^02tr-7 h • Y7>V7.9\i. *2g{*^*«fc, ^*«±lC?g]S 

[0 0 2 81 

*S!|fl*S^5 39435 5-f- (Uramot 0^) tclfc/F ^^T-TV^^ R 0M> 
[0 0 2 91 

5|S:S#itl^ 5 4 1 4 6 9 3^ (Ma fife) UJi, ^mi^Y- Y^m^-fzlMy V 
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(36) 

[0 0 3 0] 

i^mWPfm5 4 3 4825^(Harai) t^t±> E P R OM>?>E E P R OM 

v^^>„ --t^ni, *3|s:a<Hw. f-:?ffimffl -?-ft(c« 

[0 0 3 11 

^-^y}!,. U-K- :^->'J- • (EEPROM) Hcffit, SU' 

EPR0MOp«^'J --tJHi. «#««^tl?r*-r^^^««14<^^®^'S^2® 

WMall^<^s^^fi^^-^5ltv^cgu^^o^i*^- la's $ it ^ „ 

[0 0 3 21 ' 
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(37) 

10 0 3 3] 

c t ic i o -C, m#»«M«^<75KTtcteB1- ^ ^ ^ ;ug|5^<7)MiSP^ <^mffi 
ft 10 0 3 41 
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(38) 

[0 0 3 5] 
[0 0 3 6] 
[0 0 3 7] 

'J • -b;w blip's: g-fbUgOiHi: T«co*>^<7)^<t;flI<^If $ *S < •f'S' - t 
**f§>5.o ■ett;i«nrtgfib*co{±, }i«^^J^*^*^3lv^^5■. h v^^^wSij^^^^^l- 



!J$S2001-512290(P200l-512290A) 



(39) 



[0 0 3 81 

xuaii-i.., r'<—f-r^ - v 3 ><ow±t ;ti±f -r • T'-f t^j 

[0 0 3 91 

-cLiTo 'f(fc:^<?) ^7>vx^'A^ mm\-7>'y^^ tLxm^tx. vu-t 

^ o 

[0 0 4 01 
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(40) 

[0 0 4 1 1 

y- bSEVct L■C^f^mE*;t^iSmJE^:ep*P1-*-t■C. ^-kf-yh* 
liglj -i) - t ^tg i: 5: ^ ''^ o 

[0 0 4 2] 

[0 0 4 31 

at^t^ ru icjk^tDt^ciimLmiJt[<^:*:i? ^mam roj u*ttDL;tsEm 

So 

[0 0 4 41 

viEE PROMO pt^'J . -t;p**i:-<0J:Tlcfl|fiK$tLTv>-&7jN ttz. ^(n/- 
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(41) 

-EE prom<!Oj«*'J • -t^i/tzov^r, f/c, isaiu st^M 

ti£*<^ONO-EEPROM<0^*'J • ■fe;K7>SfiB0-C-*)«), ^(^p^^-'J • -t^i' 
l±, if^<^t$?Bi:ilt r A True Single -Transistor 
Oxide-Nitride-Oxide EEPROM Device. 
T. Y. Chan, K. K. Young and Chenming H 
u. IEEE Electron Device Letters, Mar 

c'h 1 9 8 7 J icg3^$nTvv^<>(7)-e*t). miimii:m.<of^^ii^<r>sRi 

[0 0 4 51 

^ixi *). '(^*<7)^^'; • ■t^V'4 i<oi&f'FUov^Tgi?gi-'&o iopt^ • -fc 
y_;^^.c,^^^s;u^gi§ffl$n> KV'f >"^ifiJ*t Tina ^tt;&o i|?-i±-?"-v^ 
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(42) 

10 0 4 6] 

*B#i^=i54 1 7 3 7 6 (Hayes) iZii. C W J: d ^eSftHwHiSW 

ifclpSd'-^^jS 5 0 A-C*-5tEfit^ix-CV^^ (^Gn^A, ^5 0^T~^6 Iff 
#B?.) o JT'-:^ H a y e s^itW>*'; • -t^UCfflv^ f>*xTV^-&aitK«±, 'E-'O 

tziihii. ^<Dmim<r>m'^m^A-^^^tz>sb\z, ^mm&'r>±.\zi^^^i^-^^^i> 

ffi«SfLrv^5:v»(Dt?**o iJt, H a y e s#i^<75p<^ U • -t;wffiit-ei±, ^ 

L^<r>m.itw.<^w^^M<\^tztjih\i.. ^■o-f)^<^i\:w=\zmm^ixfzm.^i)K 

<^gfbBI<0±lc?i^^$n-Cv^^*Stty- Vi3-hm.XLX < hJEiltm^LX^ 
•5C:i:U!5:«>o Stw." fe* ^ -=6 'J • ■t;K^E'fbM<7)*^ffl^l-'®T-?rffl^?-'^^''- 

(JUT, ^<D'mmmm^m^hn.=f-^n.^^^i>^'^f^^*>^o ttz. f^-r;^ 
h bm-^iETL^^sitA L T«^- 1 ig^i- ^fzt>\z. mm.\zm^ s tz%.^ 

v»-£.-jKaU'5:ONO«it55*-€-^t?*«>J:olw, Ha y e s ^Ipfl'iO^it-e <> -€-0 
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(43) 

mim<r>^%i~mijlP\n.^*^^iri,o Ha y e s#l^^-KS^^i^■Cv^^a^k^ 

nTJof), Ha ye s If ^ICg^^ ? ftTV^^ J: ^ ^riPv^EfkHtrfc v^T l±#S,(C 

i!c t T^i£ *^ ^ «!) , if «mW<OSBf 6<Ji&S**l:T1- * C 1 ^ -& o 
[0 0 4 71 

gta<ori:<, (£5^c07 7y v^EE PROMO • -fe;vT-(i. 

(o^mmm^ yu^>ii^h^< ^ixt^ tz^t xo:i< *) . ^<Dfzibm^i^^6^ 

' [0 0 4 8] 

SEEtI*^ ;w ? ^ *> o 

."[0 0 4 9] 

, EPR0M^EEPR0M^C»ffl$i^t:v^S«m^47^-x'f • y- h 



?$S2001-512290(P2001-512290A) 



(44) 

[0 0 5 01 

miSmy-\-i:^^'f^^<^^'^^^-^ iSJfe(^EEPR0M^v^t77 -7 v^EE 

7 9 y V i E e P R OM<o^ai L , ii|*!fto:&ii-etr*3tt& o 

10 0 5 11 
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(45) 

epromj<*'j • f-v-C'fxs.y'EEPROM^^ ■ T'/<-<xxs±, '£>r-n 

[0 0 5 21 

^<nm^izmtiiL'^'( i'j^i:mib-ti>sinizLxv^i>o z<nt^<ommui. # 

^t-|.^l-,j,$5.^jtEJ;'®T-r<5J:Ttc«:o;ti:§tc) ffCiht-'&o C<^)Blf^m&± 
roj coify b i: n J <ot:*-> V b irmniz^^in i> ^ ti^X^ . J.o, 

[0 0 5 3] 

Ti-^i^-S 2 kf 7 h • 77 -> j. E E P R OM-fe;KO®f®[lI'e**o 1 0 

C<077 y->iEEPR0MO>*'J • ■fe-'K^)^^^«:*t LTi3 *) > CO^* 
i; ••t;HOI±, 2oOPNS'g-?:l*lSB»::3i^«L3tP?i^^«l 2 tfltx.Tv^-&o 
-?-n'bPNS-i-<o^*,<o-:^i±v->^ 1 4 2 toraic^BEStvTiJ'), 

ctLt:£fflB^^a5tDfxc tic1--i>o 2;t:ltfe:^t± KU'f > i 6 t*«i 2 t<om 

6 0- 1 0 0 At?**o Kftv'; 8»±, f-^^;K0±M«:aT«6^m'£r 
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(46) 

c<omWffi«M2 0<^»* Lv^j?$ii2 OA^i ooA-e*i), -5-<oi!?i 
hn>»±, ^<73mi5}f®M2 OUJ:orM»?ix*o {SfeoTmWii«l^2 

i)t&Sl^|fi]±Lrv^-&o • -b;H 0I±2 kT-y hot'- «rfalS^ 

to 0 5 4] 

L Tffiffl $ v> ^ V - ^ S K > ''^ fflii t < ^ 
ir€iW«'g-S5'5:v^LSI2ft-§-a5i:v^Tffl»«r1seffl-f*-i;t-1"*o ^^M*^ 
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(47) 

[0 0 5 5] 

■CV^S3IS14y- b 2 4 S#M«lgl2 0 ^-^bi^l- -&«ltgSr*^>: fCv^-^o 

r- h 2 4 sji*!j4 0 0 0 A-e**„ y- h 2 4 [i^^^B'y') 3 vt:-3^j£-r 

[0 0 5 61 

as 8 i:, N+ KU-f vHae 0 tiim^^i^'^^^^'. I*1SBIC#-^b^hV'-' >^ 
a#;5 7 Wifc?-li:/^®^fl:->'J='>l^5 4 34*, 2 S«^Kfkv n >I15 2 . 5 6 

0 IzL-C^-JSb^bvM 3>coy- h 5 0-bmi^^i\-X^^ho V- H 5 0t±, -«fc6<J 
\z\t. N?KT^*6tl^«SSl-K-yL-CffML, ^x.lf-J >t 1 0l9~ 1 020ir. 
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(48) 

[0 0 5 7] 
[0 0 5 8] 

77 -;; vjlEEPR0MO-»<*'; • -t^H 0 (12 2) <^*2.*S.t;'aai L Srtr 

[0 0 5 9] 
[0 0 6 0] 

1 e y h <Dii:^iS]»a.i^ 

• Wi^<ort <, ig2079y vjlEEPROM^^'J • -b^H O'^OSii^ti 
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(49) 

112 O'-'CfiAL. cwgibSia 0<^rtgi5lc««?*T.'&o •paxtf. Sfflfc*-;' H^M 

10 0 6 1 1 
[0 0 6 2] 
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(50) 

[0 0 6 31 

ii.^:^|S]tI^:^|6]uttalL^^T9 tv'T-t(±. f-v<'f ^i.f/j^ii.^t^aiLtS- 
BiL>^1tlli1--i.o T'/^'fXl 0 3isBt»ii<^tt^ (BP*), ^afc.^ r OJ ) i'$>tHi 

^<r>^^r^^)l^mm^i$m^z^b$<. -15. f'>'^•'^;^*^*»ii<i?^t^s (bp*), i&a 
tts ru ) <'*o i&a^^c® roj 

[0 0 6 4] 

ieLfwffi«iT-^L7t) mij^^mmti^mLtzm^ ( rit:^is]»!tb lj t# 

jt'<-c, »^j^^iaj<os$<oiii±Sciff/h$ < ^fc-So J':iiTiciEi-»^t;i!i^i-'5)<t 

$ n«) c: fc J: -5 cD-c* * o 
[0 0 6 5] 

\,zJSi<iki,o -e^ affile -^v^T, ^tLJ: •) H 5 Aay^EI 5 B *#,^ UTs£ 
lCpiiffltCBiWt-C^T<o laSAJi, ti£*(7)77 7ViEEPROM-t;KOif®l2i 
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(51) 

IS?qo*ife{?!llC*^7!i»^77 y viEEPROM-fc^VOffifffiia-e**), -T- h 2 4 
10 0 6 5] 

2 0 S:, iHmz^'m^a -> -J =1 >«S# 5 7 «:i3-tit5*/cK^b-> 'J 3 >ll 5 4 {Cg 
ffl«$n/^mi^t±KH->3 4 (I115A) ^SrV^LKU-Ol 6 (I1I5B) Ofi^ 

SOT*,. ^»3<7)SC^-C<±. L^v^'(imffi(±?&tM->^i'> •E^ijx.ff 1 VcOiST- 
^mL^^ho r^<^ T.n'^wm roj ic'ioTv^nif. ip*,Eit*iiA«^i; 

-C<>#nmil'i^Ht±. «WMaflitcoft$X-S>^o )il:^ifi)BiaiL**«:$ffflL 
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(52) 

[0 0 6 7] 

o T A" 7- tl -S o 
[0 0 6 81 

12 2 at/BI 5 A L ;t ^ A- )^(DTi:<omm L ;l:it^t±, ^ + 4^ ^H^ ^ffi) 
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(53) / 

[0 0 6 9] 
1 tf 7 b (D^H^Uia L 

77 7 viEEPROM<Op<*'; • -feJH 0 (USB) coattlL^rifi:^ 

4 ty-b 2 4ir*>^U«E^renJ!)Pt, KU-f > 1 6 €:«&-r^o 0 5 AtC 
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(54) 

[0 0 7 01 

El 5 B<7)7'/"f'l' ;^t-i3<''>T. ^(r>-^%y£-y h(^^tB L5:3S:fii[S]Scai L:^^'Cff 
T;^^»:)izt±, tfOxlf, V-Xl 4 1C2 VWSJEtepJDDL, r- b 2 4 3 V<75S 

S(iJiiLTOai)-C*«.o $fe-f> KU'1'>16 (CtOKb-f ^liKmL^tcliV- 
14 i,^<r>v-7.\tm&\^nK\tYV^>h\.xmi-ti>) \zW&\^tz'f-^^)'\^ 
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(55) 

^#fflSffiit6 8 (USB) (J^XTtcia:g1-*-^^^oK;oS653-<OMjSMt-'f^ffl-f 
Z.b\zoUifii>b^\z, h 7>v:^^'<^L#v»Mmffil^SfJi". ^^1:^2 0 (El 

[0 0 7 11 
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(56) 

■C~2 5 0*COiS«eH-Cl 2^Ni-2 4mfSiZR^xnt>tl^o Vt^<r>r^U 

^ 4<om# 4 i fc J: o T , m.\t^<r>n%<r>nM^M-bH^% \z-K% 
jgSL^cL^v^-limff (BP*). S^ftfil<7)t§.v^^SJ±) i:Jt'^TEI^5-tig:v^^ffi 

10 0 7 21 
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(57) 

■tttlS -t -sot ^ixT v> 4 <0T** S o 

[0 0 7 3] 

^-($:^J<0 7 7 y V i E E P R OM-f /N'W" T.^t'- 9 

^-r^o [a6H^L/^5^77l±, *%^tr;5^;6>;5.7 7 y v^EEPROM-b;HC 

(^i d»cffl«-t*7i^*> YV^ym£<r>mW.^\^x%\.1-zyy-7X'hho 06, 
07, 5:I^0 8{i^L;^^r'-5'*ff*^-:'6lcfflv^7t^* 'J • •t;i/t±, ftTS^^ 
-fkmi 8, ft±@0^fkM2 2, ■BLXf^^m<r>m.Vcm2 O_<0l¥&^rv^-fix'{> 1 0 

[0 0 7 4] 

KU-r >«lE7J^-ig;V»T*>(±, Jll;^Ifi]^ffiU:&^4$gffl tT</^-&«-e-<7>L^v>'(t 
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(58) 

[0 0 7 51 „ 

o^'&'bJf^ ^07'/M:^J±^fo<^®tcjiu-cv^;& (vdsat) » ->'-^SffVG 

mm-^r. S#««^i^6 8<oETl-G:«i-^^^^-^i'«l5^<^PSSF^'^ 
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(59) 

[0 0 7 71 

J: i&v ^IcTu^i-e K l"f V mat I D*'«t If H ^: o T * o K U -f > ^ffi V d «r 2 
VlcLZ-ii: -ei^'b*^<^^&^'^^*^'f '-'^siE*^^^^'-'*' 0 0 01§ 

10 0 7 8] 

EI 5 Blc^L7tp<^ • -fcJ^) 0^^^-;urtlc#41-&aJEVx«±2 VlCli^fcC, 

S/--:^-C-l±, i«^mBEVxl±. OVJ:^):^^<'i^t^tl^^^T. 'SrH?^: 
e,lf h Sa*^* 1 . 5 V-C*)tilf, ^■V*-;H^mJE«:*^0. ^NK^W^'^ 

[0 0 7 9] 

ffii^-c i± ^ 4^ ;w \ifm^. \^$>'0. ^(Ointt wmx\t }^<D^m.<D^ ^ 

10 0 8 0] 
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(60) 
Vx = VoSAT 



-e^o. MIC. 

Vt(Vx) = Vto + AVt<Vx) 



[0 0 8 11 

xmE^ 0 V IcmS L/C t ^ <7? L § v^-limEVTOl- > L i v^-(imi±^'^iMS A V 
[0 0 8 2] 

-5A-ci>;£>o M^l^^^^iL*^f o'(Jfe*<75^^'>' • -t;wT-t±, «W«^i^6 so 

10 0 8 31 ^ 
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(61) 



10 0 8 41 

fi:a2 7 (gl5B) {Ci5tt-&^^^-^l'F«3«EVxt*'5)«ffl^^^1"'5>^-:«^*-'.2^- 
hSJeEVG«±. ««|*|COT^'-b7'^'OllScNAS.imfbm<7)I*$Tox'^M 

lEHi^^fflJifji^gji, TThe Design and Analysis o 
f VLSI Circuits" by L. A. Glasser and 
D. W. Do bbe r puh IJ 2 ^Hffi® ^ tlTiJ . mX'^<0^^ 

[0 0 8 5] 
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(62) 

IfilHSai L-H^<r>^'^\zmm h L # v^itSiEVT?: 3.5V \zWL^LXi^t>tz t 
-3T< *o ■Pilx.lf, y- hmffVG^ 2. 5 Vtc^^L/^t «l:^|fil^mL 

Has Loi^icR]jD-r-&y- ^ ^iivGtiSS^rig;<'^maui5:3ef4*i^i-isf>tt 

So i^, y- hmEVG<0SS^ffllc»±4figiSH**ffft^*o y-hmflEVG<^lfe5E 

g^v^ y- hmJEVG^Kieffi^i 19 ic^tttitf. it:^iS]^aiL:^^i: 

[0 0 8 6] 

;ti6U, 5fe-f, »^*fflKl''f>mffiVD«rl. 6VtcK^L, L i v^-fitSSS I t 

f;EVTttlll5EL^Co 01 2<0^^7 7«4'Uf£AL/::J:^(C, Tlj<0 2^<r>m^i!i^ 
>c u -> 3 ;w KSat I -fflt 1 A iciase t ;t^'a-<o ifc <0T* •} , ±Ji<r> 2 ffilt 
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(63) 

v»igss<7)ffli^t . it:^(S]Kaj L:^^?:«ffl l;^^^^<7) l § v>-(imff<offi^fc a* 
^a^^i-ffiii t . it:^is]isi±i L^^^^ffl L7t«^co L ^ y^^m^&i^-rmm. 

[0 0 8 71 

2 tf-;' h • > * • •t:^l'«0#3i^ 
in<t t)il2 «r#.^.U-C, :lf^m<r> 2 \£ -J b E E P R OM-fc;K^»ii^:fr^t^ 

QltP LT, mWfflSM 2 0 *ijt<7)n 2 3 T-^ L;^^ K U -f ^S^fHtlc. * 
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(64) 

10 0 8 8] 
[0 0 8 9] 

3^Ly::*#'P!)-C-(±. :&ffltf-y K7)»a:^S:^f^ t|B]^lc&fii]t:i*-^ K7)^mL«:tT 

it:^ifi)w^ajLt^fflot*-;' hu*+u-cfTo-ciB!i5gt^cfii-e*>io Bi;p«>iai<, * 

'<TfS<, -eofj*!), hc7)t>tS<7)^fflLI±, ifeiSJl^' y h Tj^^bT^^r^tt 

%<r^iamMy\\'~. ^)-y -xr^- (SEtbL CJ-K) n#o/<>^-:^^«'-) 
[0 0 9 01 
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(65) 

i^bmm<Dmut^^'oxy^^i>. ^2/^•x^^^Ti-^t #t-i±, ^m^^y hustm 

[0 0 9 1 1 
[0 0 9 2] 
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(66) 

0*}g<r>^WM«««l6 0 (gll5) Hif«$ix-&miSfl±^^S-C*«). ■5-<?5m# 

7 0 (MMmmw^i tn^<r>\t. i<o®iS7 oic«i?f*qf«i-**^ 

SjisrjroT, roj t rij 7j«^?it4*»e,-t'*-&) ■tpminw.m\^<r>'f&>^fi 

6 8i;ffl3i^tiTv^-&S#tcJ:o-C*lJtiP$ix*- tl='i-5>c 
10 0 9 31 
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(67) 

10 0 9 41 . , ^, 
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(68) 

[0 0 9 51 

[0 0 9 6] 

§t|el»U, ^-^Olfyh^, $,f-7>^^)7'y^''f XA^vVi^^l' • l^u' b • T'^N-'f ;^ 
EEPROM-trJKOlBfffillf *>t3, y-hOT:^<^> :eigiJtf-y HcW)t>L^cmW 

[0 0 9 7] 
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(69) 

1 0 0 9 8 1 

i^7 7l±, Ell 4Wr7 7tra»<^*)<^-C*&*^ ;t/iL±:&<0 5. 1 VJ':i±<0 
10 0 9 91 

^i«7 0-^*4o ^ixc>fli«*«d:i-r* ^J^16fcl4<^ 
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(70) 

[0 10 0] 

Ts ) 2 ■(i<0 e y h ;J>-*tcBE»ii^^Sgt-* S^'&o ^ 1 (O^'k^t. 'J - K • X 
t Jffi:)Jlfijkm U t<r>^-Q<r> L § v^'ltmEE Vt<^M, S-J^^'Sctil LMMii^TT^ ^ ti-^ 

So 

10 1 0 1]. _ 
#ii^*ffo^c'ie>lf, -eo^StL-C. *l±, ^1 tf y K^^mL^^i5i**esc« 

10 10 2] 

:*:|&^WEEPROM-b;V't±. 2 ^ y b «:K1Si--5 - i: <^-C§ S ^ ^ U 
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(71) 

. • -fc;K^^-g- tragic. 2oroa^S:EgiJ-P§tHf-e-tt-CJ:v^o 

[0 10 4] 
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(72) 

t;:i* L "b $iJ«^ <> c> $ v»„ 
[0 10 5] 

10 10 6] 
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(73) 

to 1 0 7] 

k**'jZ-S-cS>^o Mil. --f5<D\i:y V(r)mj^m.d},Lifsn t^\z^ mi5<r>\£-j 
[0 10 8] 

VG^^^Sitnif, ^N-^^ • ^^-'I'-ii^^t-^i-v^o -tit±> Mils tffly- bwiffi 

[0 10 91 

2ey h • • •fe;V-C;i. vV^^^W • tr-;' K • ^^'J • •fc^i'i:it'<T, ^ 

JIIH:^[fi]S!ffiL:&^t U^>:*i-&<7)^^i^-y h«OL§v^MmJEVT**^ L 
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(74) 

[0 1 1 01 

$fell^itS#i*^4 173766^ (Hayes) LTgi^g L;^^ ^0 tc. 

Ha y e s #l^^cf^m^^^■CV»*^^*<^)ite^y- b^g^'^-f 
79y->AEEPR0M4:Ha y e s <0f /^''f X «rfflv^-Cffifi£-r-i.<7?t±B^-Cfe 

[0 1 1 11 
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(75) 

(0 1121 

2 e b • P<^'J • -t^KOvWi 
Cini 0, 2 fcf y h • 7 7 y->^EEPR0M>*'J • -b;H 0 (015) cO 

ffl«fg}t7 OOS?-^, ^n-braCi^lc, S«it«Oft±«'7)^<l:112 2 ^rSiS 
[0 1131 

nfim)±, Kw-f V 1 6 \ziEn)£immizm\iL. m^mmmx$>i,mm2 o 
Y>^)vmmz3i-^x-^^immm<DmTm<omimi sii&m^^. k 
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(76) 

10 114] 

rw*:^&-ci±, y- > 2 4(ciESJE«:> Ku-f > 1 eiz^^mzimmz^mmi- 

i^ffyl^m-Offn*'. ^^/iL, :^m\^y hO^&^tCI± KU^ v l 6<D-ft^') ^cv- 
X l 4 tc-t'nmE^OTp-r-&o z<Di5mim^-i>^'tiz. mm&<owL±m<r>mt 
m2 2'kmwizmm-r^ (c<^j|&-^t, 1^7 o A(r>m^\zM&i-i>) -tx-, s 

T(i. y-h2 4uen*Di-^siEti ov~i svt-r^t^u, «±goK^i: 

m2 2col?$^r5 0A-8 0 A»wi--& J: ^ l:: L.Tv^*„ 
[0 115] 

J: L # v^ftSEVj^ltm-r * i o L-Cv^^^l-g-lcii, -?-<0 L i v^-fitm 

jii*[6]?^m nc i o T t § v^iimn vt«: ^w-r ^ i ^ u l -c ^ (±, -e 

O L ^ v^-fiimS Vt t 4 V t -Ci^ $ -a- * <73 lC'ii^ll=5:»ii^fl#Pfl t± 1 0 -3|!;-C 
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(77) 

i^u^mtnLtLx. f'/<>f;^t-*a*«:ffv^ ^L-cm^inofzo ^2/< 
^ u > 'Eg tj_ 5^,3-Vi^ -e-gi'» J: ? > t£j [ E>t 1 n V t-- r tf.L ;t o 

^)ffl«|i:|Bli;'{)<0T-^>-5.o 
(0 1161 
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(78) 

sn^m c'c$>tni. ^ummm Li;^i^m try^^i^m^izm^ ? l t ^^m 

FbItJ^- Jtji 0^01-2 0^<Ol-C«tf(^-Cfc^.o 111 7 A^CjiiMtC. J<*'J • 
-Ct Llv^ffimtt (*^2 V) *#ii*^^c^^;'* • -fe;K7)L§v^'fiSffi 

10 1171 _ . 

*^'iiffL-cff < icott-c. mim<nn.^mmm^6 a (sii s) (^fiini--;' 
^fo1--^,*^ ^<D^.\z. ^im2 o<D^<r>m<7)U»iz\mmi^i.^i^^<o'^^^° 



!^S2001-512290(P2001-512290A) 



(79) 

t-^Koffii^^ffvv -^n<b»ii^tci3v^Ti±. i£^(a]=sain:J:<>-ciite$ 
*fti-^.fc*tc:feimi^'vK^^aiL^*^TL, -eco^mt [^my^y v-mi^- 

019 »± ^ ^L?3<0 2 e f E E P ROM-t JK^tfii^iitliS^^'^^^l*'-** 
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(80) 

^;^t-i3V»-C»i (IP*>, W:^|6]#di*/](I:&|S]RmUSr=ffoTV>4^i^HI±) , 
L^v»'litmjE«-t#il'§^'^^l?'5^*^^'-'^^^-*'-'*^ ■^i5f}f«^J*6 6 (^5 

KU-f >3 45»»(b5imi?-ti:^cltnif^:ib^cv^„ CfLlcM LTfe«^tL*<^l±, 
[0 12 01 

7 7-e*^o ioii2 owr7 7ti, ^tcnqgict^oTffi^Lf^^^'J • -t;n o 
ij --tjn oiciiv^-c, oiiomm<om±.m<r>mm2 2 mis) . st^<^ 

g^-ftmi 8 Sy'EfkS2 0<7)l¥$l±v»-fix'{> 1 0 0 A-e*>3. 'iJfeoTONOlS 



^ a 2001 -5 1 2290 (P200 1 -5 1 2290A) 



(81) 

10 12 11 ■ ^.^ , 

JiJLJHCi5V>T, miLA.^Wi 10 0 5 'JtJ»mtcgfc^L-Cj«* • -t;KO»^* 
i'fi'^tzmi-. • -t;K7>ri*«r=ffo;ti:C^. SS'itB^B^Wrt (Bl 

2 0-CI±, 10 0 5 'J#^toTiiS'5:m*B#Ki: L/^) t-. ^^ttm^ifr") 

L^-^g-g-covvrn*,, M*IBJ&^1 0 0 5 'JS^**igiiU?tl^.^.t?, r^5, Liv^ffi 
SEVt***^ 7 V<>fe^ it 35***^-5 • -fc;H 0cr)m*?:^^t-tTX. 

mi^S:m*i-'&^^*i-'S^?fif»fflit6 8 (USB) wM«w*^en*D L fcmi±f±. 

13V (KH' >«JEVd**5 V, y- h^lEVG**-8 VT-^^fwi*, #te-±-C 
ISVI-^:^.) i<^l 3 Vtv^^maiSJi. KU-f > 1 6Wfi<Urtl« 

[0122] 

i:iffi^[fi]Btm L^^^^i^ffl LTv^^^i^t T?»±, mih^m^^-^^-^ ^ ^ ^ '''^^ 

s.y'YimLfzt&u<oi}m^m^ji& (i22o-cji, rw*ia3/»ii*J ^:tti2U 
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(82) 

10 12 3] 
[0 12 4] 
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(83) 

<r>mmi)'m±m<omim 2 2 1 2 0 1 ic^t^^fzm ^ \z^&^^l < ^ ►) > 
liioli, f/M ^w^ffi LTifi^iaittta u:^^S:$fffl ltv>s^&^u 

Kt>*i., iJfc-^'Sr'blf, y-h(DTlj<r>mm.mizitm6^'PM<on.^'t^mLfztz\f 
VT<^^^«:3tfiKi--5> - i:**-^^ ^'^•i^ ^^^^i^ tTv>*^^ 

^ 74* t- -5. <7) -C * -5) o 
[0 12 5] 

112 ii±, mm<^±Miw.nf^^i^ mtmmimmLrri^fS.Lfzm^t 

VC**o m2 HZTpLfz^cni/'yyti. :^§kmiZ^^rmmLtz2m<0:*^'} 
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(84) 

. ■fc;KO0*,<D-:^l±, TE0S«rfflv^Tg<kM<0±®«-a-?Kfbm2 2 (121 

7 OA, ftTSom^kMl S<om^it 1 0 0 A> gfl:112 0<?)^^l±8 0 Ai: t 
tzo Ht', v>-f •-t;l'fc, ■e<Of--VT-^HB/^?l4, 0. 6/0. 6 

5;.mtL;^Co »ii<J!^ (^nii-^irfll^^lfiJ-C-tTo^c) 14, KU^OmffiVotS, 
OVHISSL-, y- hmEVc^ 1 0 VUUSLTffo/wo ttz. (-^T- 

t^icJil:^iS]-c-iTo/c) i4> KP-f >m)EVD*5. ovcgt^L, y- hSffi 

Vg*-6 Vtc§S5eLriffo7to ^^77)4-c>gge>;i'* J: •? l^, ^im<r>±mim 
[0 12 6] 

132 214, y-^mE«•0V^cLTM*4r^f^ti<^^ft'*^K^, 2O(0KU 

/c*tci4, 5fe-r, Jll:^[fi]*ii**i^l O-v^^rafi^lcaoT^fTo-C, Liv^'ltS 

y-h2 4 (015) KU'f>16U6. 0 V ^rEPiD LTM^Srtro 

;t^-&^^L^cfe<7)T-*^o T:^<7)fti^l4, y-b2 4Sr«*L, KU-fvie 

»ii^l;J:-p-CL§v^'(imffi5!>^'*^l. 5 V*-P>*^4 V'^±#t-CV»^e ^v>TM 
L§v^fflmJE»4ffy'®TLTiltl. 7 VST*MLTv^;5,o 

1 0 0 OS'-:4»3&'o-CV»*o 
(0 12 71 
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(85) 



t:-.±, 8im^«it (015) os±s^^^kBi2 2, *i;22^^ii;f r 

y)rWi^Ltzo iryyiM^fiii^ Ku-f vSfft*^i5 vuiJ^L, y-h^E^J 

10 12 81 

""a? oS^?^^^'^.^^'^^^ ^ ^ ^^^^^ ^^^^^^ ^-^^^^^^ 
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(86) 



m<o&^*m<ri.. «n«s5L^iBiss»-ffli^^t*i^^^^-^'^***° ^^^^ 

l±. irdt r Ho t-E I e c t r o n Injection Into th 
e Oxide in n-Channel MO S Device. B. 

Eitan and D. F r o h m a n -B e n t c h k o w s k y . 
IEEE Transactions on Electron Device 
s, March i 9 8 IJ ^O^^-CfSri: ^.^Tii •) , 

i^^x:^mm7r^iZ'^'t^tifcii<r>ti-i>o 

.ry<^y^<om\iiL:fo^imij\^mmLij^i:-ri>^tizx-^x. mm 

^a>^^ r^u ^<Dmm^^i)^M (gp*>. y- vmnPf^m^<owmmmmmz 

^mzm.m'^m^t^r^^^ti:^^^^m) tcornxn. L^^^mn.&<om^^mc^ 
^^izi-i>fz>6iz-z^m^j:mmmmt*'^^i-'p*-^-^^^'> •^■^'^w 

A^I^i:ft$T-*ntf (»ii^^M**rai:-5?**^«^^ EI5A^gi5BlC7pLfc^<b 
§^:flj*<0 1oj±. »i2,;^f^WtS^L»Si:v^^-fc '^^^'^ 

mmmmmm< ii:i,:itxm&^^mm^m^mzmm-ti><oxi>i>o 
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(87) 



[0131] 

10 1 3 21 ^ ^, 

^ X A *J:fcv» (c5i^t $ t T CI ^ o 
10 13 31 
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(88) 

t;[n]±-r4o 

10 13 4] 

mmi:^< L'^i>r-z>fy^ rw*ffly- h^ffi<^)m*^«**i63±i-*i:''^^- 1*** 

[01351. 

10 13 61 

;^ <7)rW*7)*/f:^r tg I- ±5 -5- ii-*** ^ o 
[01371 

Jffia5coKT<OfJ[« (IE15B) lciolt*^^^JH^<^S'i'^*>*» '>'->«St-h 
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(89) 



[0 13 81 



Vx-Vo-{Vt+AVt) 

I 



10 13 91 ^^^^,<j-r7.n^^0VtLtzt^<r>r 
3 oO^iS^U Jffl t 3 ^ •) ^^^^^^ 



10 14 11 
l«ll 



gJLSiS^blK (Oim2 2) 
g-ftiei (NBg2 0) 
STUiSflsJi^ (OIRl 8) 



15 0 


1 0.0 


7 0 


5 0 


5 0 


5 0 


7 0 


7 0 


7 0 


2 7 0 


9. 2 0 


19 0 



10 1 4 21 
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(90) 

o 

[0 14 4] 
[0 14 51 

^xi,^o i!e^ifi]mmL^^*^^fflt-cv>4^&^icj±, »ix;?.^w**rai:-^*ii- 

If ^ $ «r Hi- f K V > t fflStmit t <^ M <OSgSt*^*ft < ^ ( - - 
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(91) 

10 14 6] . 

^ 1 0-3 oty#<^efflrti-^**'^*'^a'^*''' :fc#Sp<^'J •7'/^•'^;^ 



(92) 

10 14 7] ^ , ^. 
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(93) 

10 15 01 ^ ^ 

10 15 11 

10 15 21 

[iltB<7>ffi#^:|!iWl 

[mil r-hfim^«iSi:u-cKfkm-MfkiK-Sf<tfS (ono) 
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(94) 

[1112] Y- Vmrn^^^t LT0N0=^«iS?rfflv>/c2{c%WW«ife^ 

11231 Y-vm%wm&tvx^m~^m^B'y')^'yf^^^i^^'^ 

. -7 ^ £ E p R O M-t ;H7)Bf® St:** o 

112141 *:^^i;75^75>^.m^p'*>J • -fc^H-i3»tS, »ii;t,B#K(OM&i: 

LTo L § v^iisa^. wi:5ifi]aai t:&^«r»ffl Lfc*&^i:i6:fri^am L^^«r 

[0 5] laSAti, t^jSO77 y->^EEPR0M^r;K7)Sf®El-C*t), 
^77 ^ viEEPROM-t;KOlSr®ll|-C-fe»), hT:^<^mitfflSi«Jt4r7i^ 
[me] 2|s:^^tc*^7»^^7 7y v^EEPROM■fcJ^U»Ji«^^^r^T^;L# 

[07] :$:||^l-75^*»*77 7 viEEPR0M-t;HC»ii*5rfto/jm 

7»-«r, YV^>nE.(r>^^tLX^\^tzify-7'^^i>o 

[0 8] :!^^^lC7i^*^^7 7-y v*EEPROM-t;K75Liv>MmaSr, 

S.iUttzif7 7Xi)i>o 
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(95) 

[HI 41 -is'^^y v\zni-h%^^-bK mm^^m.mAzhi>^-}3<r>\i 
[nisi ^%m<r>^^m.mm\zpii-i>2}£'j hEEPROM-b;K^sf® 

WiD L t ^ L 0 -C- o 

[HI 61 gt»di^tt®.l^'>' HCj3tt-i>'J- K • y^)V-n^±\zm,X. 
iSt^'-S) KU^ >ffiE56*f<^-t ^ ^^i^®i"*'*'**l-''-^^^"^**'' 
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